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Summary 

I 

This  i s  a prel iminary r e p o r t  on an i n t e g r a t e d  network i n  support  

of t he  Apollo mission.  It proposes a method f o r  t h e  u t i l i z a t i o n  

of e x i s t i n g  Jet Propuls ion Laboratory and Goddard Space F l i g h t  Center 

l a rge  antenna f a c i l i t i e s  f o r  t h e  support  of t he  Apollo mission from 

near  Ear th  through t h e  lunar  phases and r e t u r n  (see F i g .  1). The use  

of a s ingle*  range and range r a t e  transponder (see F ig .  2a, 2b and 

r e fe rences  1, 2 ,  3 and 4 )  i n  t h e  Apoljio spacec ra f t  u t i l i z i n g  a common 

r f - channe l  w i l l  al low the app l i ca t ion  of approximately t e n  geographical ly  

d i spe r sed  l a r g e  NASA antenna f a c i l i t i e s  t o  t h i s  mission,  wi th  t h e  

r e s u l t i n g  redundancy t o  cover emergency s i t u a t i o n s  and t o  provide 

schedul ing f l e x i b i l i t y  - an important cons ide ra t ion  i n  view of t h e  

long du ra t ion  of t h e  Apollo mission.  

The a p p l i c a t i o n  of t h e  r f -po r t ions  of t h i s  transponder t o  the  

t ransmiss ion  of t h e  PCM-telemetry-voice-television s i g n a l s  and t h e  

r e c e p t i o n  of PCM-commands i s  a l s o  considered, thus  making t h e  proposed 

system a p p l i c a b l e  t o  a l l  of f h e  kpollo t r ack ing  and communications 

requirements .  

A compl&e r e p o r t  on t h e  implementation of an i n t e g r a t e d  Apollo 

Tracking  Network i s  i n  prepara t ion .  

*In a l l  r e fe rences  t o  a a h g l e  u n i t ,  two i d e n t i c a l  spacec ra f t  
u n i t s  are meant t o  provide system redundance. 
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INTRODUCTION 

Tracking of t h e  Apollo spacecraf t  a t  lunar  d i s t a n c e  w i l l  r e q u i r e  

t h e  use of l a r g e  ground antennas t o  minimize t h e  spacec ra f t  t r a n s m i t t e r  

power requirements (see Appendix A and r e fe rence  5 ) .  Both t h e  Jet  

Propulsion Laboratory and t h e  Goddard Space F l i g h t  Center have i n s t a l l e d  

t r a c k i n g  networks u t i l i z i n g  l a r g e  t r ack ing  antennas.  

The J e t  Propulsion Laboratory Deep Space Instrumentat ion F a c i l i t y  

Network p resen t ly  has  85 foo t  antennas a t  Goldstone, Johannesburg and 

Woomera, and w i l l  be augmented by a d d i t i o n a l  f a c i l i t i e s  i n  southern 

Europe by t h e  t i m e  of t h e  Apollo mission. 

The Goddard Network w i l l  have 85 foo t  diameter antennas a t  

Rosman, A u s t r a l i a ,  Alaska, and Canada and 40 foo t  diameter antennas 

i n  South America, South Af r i ca  and the  United S t a t e s .  

E i t h e r  of t h e s e  networks would provide t h e  necessary minimum 

coverage f o r  t h e  lunar phase of t h e  mission.  However, u s ing  both 

networks, t h e  r equ i r ed  back-up o r  redundant coverage i s  provided t o  

ensu re  continuous contact  with t h e  spacec ra f t  even though one of t h e  

ground s t a t i o n s  might f a i l .  The redundant coverage i s  important when 

cons ide r ing  t h e  long du ra t ion  of the mission. This  would allow any of 

t h e  s t a t i o n s  t o  be closed down f o r  r e p a i r  o r  maintenance o r  used t o  

support  o the r  programs without a f f e c t i n g  t h e  coverage f o r  t h e  Apollo mission.  
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Both t h e  JPL DSIF Network and the Goddard l a r g e  antenna f a c i l i t i e s  

u t i l i z e  range and range r a t e  t r ack ing  systems. I n  t h i s  system, coherent 

modulation i s  t r ansmi t t ed  from t h e  ground v i a  a c o n t r o l l e d  c a r r i e r ,  re-  

t r ansmi t t ed  with s t r i c t  phase coherence by a transponder i n  t h e  space- 

c r a f t ,  and received back a t  t h e  ground where both t h e  received c a r r i e r  

and t h e  modulation are compared i n  phase with t h e  t r ansmi t t ed  s i g n a l s ,  

providing both range and range rate information. Both systems can 

u i t l i z e  a common spacec ra f t  transponder ope ra t ing  on t h e  same r f -  

channel,  (although not  simultaneously) . so  t h a t  e i t h e r  'system could 

t r a c k  t h e  spacec ra f t  independently of t h e  o t h e r ,  with no s a c r i f i c e  i n  

system performance. Transponder power l e v e l  requirements are s imi l a r  

f o r  each system, amounting t o  less than a w a t t  of t r ansmi t t ed  power 

(at luna r  d i s t a n c e ) ,  using a four foot  spacec ra f t  antenna and a 40 t o  85 

f o o t  ground antenna. An opera t ing  frequency i n  t h e  2200-2300 M c  band 

appears  most l i k e l y ,  based on transponder and ground antenna cons ide ra t ions .  

Present  concepts of t he  Apollo mission r e q u i r e  t h e  spacec ra f t  t o  

c a r r y  d i f f e r e n t  equipment t o  support eachi of t h e  va r ious  phases of t h e  

mis s ion .  It must c a r r y  sepa ra t e  t r ack ing  beacons f o r  t h e  near e a r t h  

phase (C-band r a d a r )  , t h e  lunar  phase (R+R beacon), t he  rendezvous 

and t h e  r e r e n t r y  phase. I n  add i t ion  sepa ra t e  t r a n s m i t t e r s ,  r e c e i v e r s  

and antenna systems are r equ i r ed  t o  provide f o r  t h e  s e v e r a l  r f - l i n k s  

between t h e  spacec ra f t  and the  ground. 
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I n  t h i s  r e p o r t ,  i t  i s  proposed t h a t :  

1. A s i n g l e  range and range rate transponLzr i n  t h e  spacec ra f t  

should be used t o  t r a c k  during t h e  parking o r b i t ,  i n j e c t i o n  lunar  t r a n s f e r ,  

lunar  o r b i t ,  lunar rendezvous, e a r t h  r e t u r n ,  r e -en t ry ,  and land phases. 

For t h e  parking o r b i t ,  r e - en t ry  and landing phases,  on e a r l y  Apollo 

f l i g h t s ,  t h e  p re sen t ly  u t i l i z e d  radar  t r a c k i n g  systems would be used t o  

q u a l i f y  t h e  range and range ra te  system f o r  t h e s e  phases.  I n  a d d i t i o n ,  

t h e  u s e  of t h e  range and range ra te  system f o r  rendezvous t r a c k i n g  

( spacec ra f t  t o  spacec ra f t )  would be q u a l i f i e d  du r ing  these  same f l i g h t s .  

2.  The combination of t h e  JPL DSIF Network and t h e  Goddard l a r g e  

antenna f a c i l i t i e s  should be u t i l i z e d  coope ra t ive ly  f o r  t h e  t r a n s f e r ,  lunar  

and r e t u r n  phases of t h e  mission. 

3 .  Selected e x i s t i n g  and augmented s t a t i o n s  of t h e  p re sen t  

Mercury and S a t e l l i t e  Instrumentation Networks and t r a c k i n g  s h i p s  

should be equipped wi th  t h e  necessary range and range ra te  ground 

equipment t o  support  t h e  Earth o r b i t a l ,  i n j e c t i o n  and r e -en t ry  phases.  

4 .  Simple range and range ra te  s t a t i o n s  should provide landing 

d a t a  du r ing  f i n a l  r e - e n t r y .  (See Ref. 5, p 13, F i g .  9 and 10) 

5 .  The spacec ra f t  range and range rate transponder should include 

p i o v i s i o n  f o r  t h e  t ransmission of PCM-telemetry, PCM-voice, PCM-television 

and f o r  t h e  r e c e p t i o n  of PCM-commands. 



I. The Range and Range Rate :System 

A .  Desc r ip t ion  

A l l  Range and Range Rate Systems ope ra t e  on t h e  p r i n c i p l e  

t h a t  an electromagnet ic  wave propagated through space experiences a 

phase delay p ropor t iona l  t o  t h e  d i s t ance  t r a v e l e d .  Therefore ,  by 

measuring t h e  phase d i f f e r e n c e s  between t h e  t r ansmi t t ed  and received 

s i g n a l s ,  i t  i s  poss ib l e  t o  determine t h e  d i s t a n c e  between t h e  ground 

s t a t i o n  and t h e  spacec ra f t  transponder.  I n  t h e  Goddard system, s e v e r a l  

d i f f e r e n t  ranging frequencies  (tones) are used t o  r e s o l v e  ambiguities 

i n  t h e  range measurement. 

spacec ra f t  i s  determined by measuring t h e  Doppaer s h i f t  of t h e  c a r r i e r  

frequency. Th i s  r e q u i r e s  t h a t  t h e  spacec ra f t  transponder maintain 

phase coherence between i t s  received and t r ansmi t t ed  s i g n a l s .  

The range ra te  of r a d i a l  v e l o c i t y  of t h e  

The Goddard System i s  designed t o  measure range with a 

r e s o l u t i o n  of x 2 15 meters. 

of x ? 0 .1  meters/second. 

r e f e r e n c e s  1, 2 ,  3 and 4 .  

It measures range r a t e  with t h e  r e s o l u t i o n  

Th i s  system i s  descr ibed i n  d e t a i l  i n  

The system p resen t ly  operates  i n  t h e  microwave r eg ion  (1700- 

2200 Mc) and uses  s e l f - t r a c k i n g  ground based antennas.  Since t h e s e  

antennas t r a c k  t h e  s p a c e c r a f t ,  azimuth and e l e v a t i o n  angle  d a t a  i s  
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obtained form t h e  pedes t a l s .  

accu ra t e  t o  approximately 2.10 

f e a t u r e  of t h e  system which allows each s t a t i o n  t o  determine t h e  

p o s i t i o n  of t h e  s p a c e c r a f t .  

t h a t  t h r e e  s t a t i o n s  may ope ra t e  with t h e  transponder simultaneously 

i f  r equ i r ed ,  as f o r  i n s t ance  f o r  i n j e c t i o n  t r ack ing .  

The angle d a t a  are expected t o  be 

-3 r ad ians .  The angle  d a t a  are a secondary 

The present system has  t h e  unique f e a t u r e  

(See r e fe rence  2)  

The Range and Range R a t e  Sys tem development w a s  i n i t i a t e d  

by Goddard t o  improve t h e  accuracy of t h e  s a t e l l i t e  t r ack ing  networks. 

It w a s  designed as a u n i v e r s a l  t r ack ing  system which could be u t i l i z e d  

with both t h e  s c i e n t i f i c  sa te l l i tes  and t h e  manned spacec ra f t .  PartiCuJ.Fr 

a t t e n t i o n  w a s  given t o  the  compa t ib i l i t y  with t h e  JPL ranging system i n  

t h e  design of t h e  transponder.  The transponders i n  t h e  Goddard System 

were designed with a wide band channel e s p e c i a l l y  f o r  passing t h e  JPL 

pseudo-random no i se  code s i g n a l s .  No d i f f i c u l t y  i s  a n t i c i p a t e d  i n  

conve r t ing  t h e  system t o  any rf-channel  

Goddard i n  support of Apollo. 

designed f o r  use by JPL or 

The narrow bandwidths used i n  t h e  Goddard System make i t  

simple f o r  o the r  d a t a  ( t e l e v i s i o n ,  te lemetry and voice)  t o  be combined 

w i t h  t h e  ranging d a t a  f o r  t ransmission t o  e a r t h .  

be t r a n s m i t t e d  simultaneously while  making ranging measurements. 

A l l  of t h e s e  d a t a  can 
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A s  shown i n  Appendix A t he  Goddard Range and Range R a t e  System 

can ope ra t e  a t  lunar  d i s t a n c e  wi th  an a i rbo rne  t r ansmi t t ed  power of 

only 2 w a t t s ,  u t i l i z i n g  a 4 foot  diameter spacec ra f t  antenna and a 

14 f o o t  diameter ground antenna. 

, 

I n  keeping with t h e  un ive r sa l  t r a c k i n g  and communication 

system concept,  Appendix A a l s o  sho& t h e  r equ i r ed  t r a n s m i t t e r  power 

when t h e  85 f o o t  diameter antennas a r e  used in s t ead  of t h e  14 foo t  

diameter antennas.  This reduces the power f o r  t h e  rapgTpg'system t o  

only 0 . 1  w a t t .  The te lemetry,  voice and t e l e v i s i o n  s i g n a l s  w i l l  

modulate t h e  same c a r r i e r  as t h e  ranging d a t a .  The voice channel w i l l  

need approximately 0 . 7  w a t t ,  and the PCM telemetry channel w i l l  r e q u i r e  

approximately 5 w a t t s .  It i s  a l s o  shown t h a t  t ransmission of a near-  

commercial q u a l i t y  t e l e v i s i o n ,  but using 8 frames pe r ,  second ins t ead  

of t h e  normal 30 frames per second, would r e q u i r e  a t r a n s m i t t e r  power 

of 126 w a t t s .  A t o t a l  t r a n s m i t t e r  power of approximately 132 watts 

would t h e r e f o r e  be needed. 

w a t t s  i f  t h e  JPL 210 foo t  d i shes  were used f o r  t e l e v i s i o n  r e c e p t i o n .  

This would reduce t o  approximately 20 
._ c 

(See a l s o  Table 1) 
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B .  The Proposed Spacecraft  Transponder 

The spacec ra f t  transponder i s  t h e  e s s e n t i a l  element i n  

t h e  system which w i l l  t i e  t h e  Goddard Space F l i g h t  Center and Jet  

Propuls ion Laboratory f a c i l i t i e s  t oge the r .  It w i l l  have a wide band 

channel capable of accept ing t h e  JPL pseudo-random code ranging s i g n a l s  

and a narrow band channel f o r  passing t h e  ranging tones of t h e  

Goddard System. 

t h e  vo ice ,  te lemetry and t e l e v i s i o n  s i g n a l s  t o  t h e  c a r r i e r .  

It could a l s o  contain t h e  necessary modulators t o  add 

The transponder i n  the  spacec ra f t  can be used t o  make 

independent range and range r a t e  measurements w'ith t h e  rendezvous 

v e h i c l e .  I n  t h i s  mode of ope ra t ion  t h e  transponder responds-only t o  

t h e  rendezvous v e h i c l e  independently of t h e  e a r t h  t r a c k i n g  network. 

The necessary range tone generators  and phase measuring c i r c u i t y  would 

have t o  be added t o  t h e  spacec ra f t  t o  allow i t  t o  ope ra t e  i n  a manner 

s i m i l a r  t o  a ground s t a t i o n  measuring t h e  range and r ange - ra t e  t o  

t h e  t ransponder  i n  t h e  rendezvous veh ic l e .  The angle  d a t a  ( u n i t  

p o s i t i o n  vec to r  from one spacec ra f t  t o  t h e  0ther)between t h e  two 
0 

s p a c e c r a f t  would be determined by an in t e r f e romete r  ope ra t ing  on t h e  

t ransponder  c a r r i e r  frequency. This system i s  descr ibed i n  d e t a i l  

i n  r e f e r e n c e  6 .  
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A transponder which would ope ra t e  simultaneously with both systems 

would be hard t o  b u i l d .  

by e i t h e r  system sould r e q u i r e  only a s l i g h t  i nc rease  i n  complexity 

over e i t h e r  u n i t .  Present  ope ra t iona l  concepts do not  r e q u i r e  

simultaneous ope ra t ion .  

However, a transponder t o  be used a l t e r n a t e l y  

The modif icat ions t o  both t h e  Goddard and t h e  JPL transponders  

r equ i r ed  t o  produce a transponder compatible with both systems have 

been considered. 

The Goddard transponder could be made compatible wi th  t h e  JPL 

transponder (assuming proper frequency changes) by t h e  a d d i t i o n  of 

a phase locked loop t o  make t h e  t r ansmi t t ed  c a r r i e r  frequency coherent 

w i t h  t h e  r ece ived  carrier frequency. The r equ i r ed  change i n  m u l t i p l i c a t i o n  

r a t i o  would be resolved during t h e  frequency change. A block diagram 

of t h e  modif icat ion r equ i r ed  on t h e  Goddard transponder i s  given i n  

F i g .  2a.  

The JPL transponder could be made compatible with t h e  Goddard 

system by t h e  a d d i t i o n  of t he  Goddard ranging channels.  These channels 

c o n s i s t  of f i l t e r s  and a m p l i f i e r s  t o  i s o l a t e  and process  t h e  ranging 

s i g n a l s  from the ind iv idua l  Goddard s t a t i o n s .  The Goddard r f - c a r r i e r  

could be o f f s e t  s l i g h t l y  (~1.4 Mc) with r e spec t  t o  t h e  JPL carrier so  

t h a t  t h e  received frequency e n t e r s  t he  proper ranging channel.  Since 



- 9 -  

t h e  c a r r i e r  frequency i s  a mul t ip l e  of  t h e  l o c a l  o s c i l l a t i o n  frequency 

it would be poss ib l e  f o r  t h e  Goddard system t o  measure range rate as 

p r e s e n t l y  designed. A block diagram of  t h e  modified JPL transponder 

i s  shown i f  F i g .  2b. 

A f a c t o r  p e r t i n e n t  t o  t h e  s e l e c t i o n  of t h e  form of t h e  space- 

c r a f t  transponder i s  t h e  choice of  t he  ope ra t ing  frequencies .  

antenna cons ide ra t ions  a l s o  a f f e c t  t h i s  choice.  The JPL antenna 

design philosophy u t i l i z e s  a feed s y s t e m  a t  a s i n g l e  ope ra t ing  

frequency band, 2200 t o  2300 Mc, without provis ion f o r  r a p i d  feed i n t e r -  

change, whereas t h e  Goddard philosophy has  been t o  provide m u l t i p l e  

frequency f eeds  a t  both 1700 and 2200-2300 M c  with r a p i d  switchover.  

Ground 

The present  t r end  toward the  assignment of an Apollo 

o p e r a t i o n a l  frequency adjacent  t o  the 2200 and 2300 M c  band i s  thekefore 

supported.  This  i s  a l s o  d e s i r a b l e  s ince  i t  r e q u i r e s  less modif icat ion 

t o  t h e  b a s i c  transponder.  

i n  both cases .  (See F ig .  2a and 2b) 

A modulation summing u n i t  has  t o  be added 
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11. Development of t h e  NASA In t eg ra t ed  Network f o r  Apollo 

A. Manned Space F l i g h t  Network 

The Manned Space F l i g h t  Network w a s  i n s t a l l e d  t o  support  t h e  

t h r e e  o r b i t  Mercury Missions.  This  n e t  i s  p resen t ly  augmented t o  

support  t h e  "18 Orbi t  Mercury Missions" (see F ig .  3a and 3b) .  

The Gemini spacec ra f t  i s  more complex than t h e  Mercury space- 

c r a f t ,  r e q u i r i n g  l a r g e r  amounts of data t o  be t r ansmi t t ed  t o  and from t h e  

spacec ra f t  during t h e  mission.  This n e c e s s i t a t e s  t h e  o r i g i n a l  FM/FM 

te lemet ry  l i n k s  t o  be rep laced  with d i g i t a l  d a t a  l i n k s .  PCM te lemet ry  

systems a r e  being procured f o r  t h e  s i t e s  i nd ica t ed  i n  F ig .  3c f o r  

i n s t a l l a t i o n  by l a t e  CY 1963. Since t h e  Gemini spacec ra f t  has  a 

d i g i t a l  computer; t h e  present  analogue command l i n k s  a r e  being rep laced  

wi th  d i g i t a l  command l i n k s  t o  allow d i r e c t  e n t r y  of t h e  commands and 

d a t a  i n t o  t h e  spacec ra f t  computer. Present  i n d i c a t i o n s  a r e  t h a t  t h e s e  

s t a t i o n s  w i l l  a l s o  r e q u i r e  a ground computer because of t he  complexity 

and amount of t he  d a t a  t r ansmi t t ed .  The manned spacec ra f t  network 

p r e s e n t l y  u t i l i z e s  r ada r  t r ack ing  at C and S-band. Gemini i s  being 

instrumented only f o r  r ada r  t racking ,  although it  i s  f e l t  t h a t  t h e  

i n c l u s i o n  of t h e  range and range r a t e  system would be d e s i r a b l e  f o r  

pre-Apollo q u a l i f i c a t i o n  t e s t i n g .  
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B. Goddard Large Antenna F a c i l i t i e s  

The fol lowing Goddard 40 t o  85 foot  antenna f a c i l i t i e s  

are expected t o  be i n  opera t ion ,  equipped wi th  range and range rate 

systems i n  t i m e  t o  support  t he  Apollo Mission. 

S i t e  - 
Fairbanks,  Alaska* 
Rosman, North Carolina* 
A u s t r a l i a  (Eas t  Coast) 
Mojave (Goldstone), California* 
Quito,  Ecuador* 
Sant iago or  Antofagasta,  Chile* 
Johannesburg, South Africa** 

F a c i l i t y  

85 foo t  (one) 
85 foot  (two) 
85 foo t  (one) 
40 'foot (one) 
40 foo t  (one) 
40 foot  (one) 
40 foo t  (one) 

I n  a d d i t i o n  t o  t h e  above f a c i l i t i e s ,  Goddard w i l l  have 

t h r e e  mobile range and range ra te  ground equipments, u t i l i z i n g  

fou r t een  foo t  antennas,  s u i t a b l e  for t r ack ing  t o  lunar  d i s t ances  

wi th  a 2 w a t t  t r a n s m i t t e r  (Appendix A). 

d i s p o s i t i o n  as s e l e c t e d  s i tes  f o r  t r ack ing  and parking o r b i t  and 

They w i l l  be a v a i l a b l e  f o r  
! 

lunar  phases of t h e  Apollo mission,  as f o r  i n s t ance  United S t a t e s ,  

Af r i ca  and A u s t r a l i a  (Fig. 5a t h r u  5d and F i g .  6 ) .  These loca t ions  

make p o s s i b l e  the  t r ack ing  of t he  parking o r b i t  (Fig.  5a t h r u  5d) as 

w e l l  as t h e  e n t i r e  lunar  phase (Fig.  6 and 7) .  

* Now ope ra t iona l .  * To be ope ra t iona l  by t h i r d  q u a r t e r  CY 1963. 

\ 

\ 
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A l l  of t h e  f a c i l i t i e s  mentioned previous ly  are provided 

f o r  genera l  s a t e l l i t e  t r ack ing  and d a t a  a c q u i s i t i o n  suppor t .  Their  

a p p l i c a t i o n ,  on a scheduled b a s i s ,  i n  support  of t he  Apollo Mission 

i s  being planned. I n  add i t ion  t o  these  f a c i l i t i e s ,  t h e  fol lowing 

Goddard S t a t i o n s  a r e  t o  be e s t ab l i shed  i n  support  of s p e c i f i c  

a p p l i c a t i o n  s a t e l l i t e  programs. 

S i t e  Program Fac i lit y - 
Fairbanks,  Alaska NOS 85 foot  (one) 
Nova Sco t i a ,  Canada NOS 85 foot  (one) 
Northern Europe (Probable) NOS 85 foot  (one) 
Eastern  U .  S.  (Ca l i fo rn ia )  Communications 85 foot  (one) 
H a w a i i  (Probable) Communications 85 foot  (one) 

Addit ional  t r a c k i n g  coverage w i l l  be a v a i l a b l e  from t h e  Goddard 

t r a c k i n g  sh ips ,  t h r e e  of which a r e  assumed t o  be a v a i l a b l e  i n  t i m e  

f o r  P ro jec t  Apollo as fol lows:  

A t l a n t i c  Ocean . . . . . . . . . . .  58OW, 27'N 

Indian  Ocean . . . . . . . . . . . .  65'E, 25 S 

P a c i f i c  Ocean. . . . . . . . . . .  .135OW, 25'N 

0 (Mandatory, see  Fig.  4 )  

These s h i p  loca t ions  cover parking o r b i t s  1, 2 ,  3 and 4 for  

launch azimuths from 80' t o  llOo (see F ig .  5d, shaded areas). 
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C .  Jet Propuls ion Laboratory DSIF 

It i s  understood t h a t  JPL w i l l  have t h e  fol lowing l a rge  antenna 

f a c i l i t i e s  i n  opera t ion  and ava i l ab le  on a schedulable  b a s i s  f o r  support  

of t h e  Apollo Mission. 

S i t e  - 
Goldstone, C a l i f o r n i a  

Woomera, A u s t r a l i a  
Eas te rn  A u s t r a l i a  

Johannesburg, South Afr ca 
Southern Eur ope ( pr ob ab &e ) if 

I 

Japan (poss ib le )  

Fac i li t y  

85 foo t  
210 foo t  

85 foo t  
85 foot  

110 foo t  
85 foot  
85 foot  

210 foo t  
? 

I n  add i t ion  t o  these  permanent f a c i l i t i e s ,  JPL may a l s o  have 

one or  more mobile f a c i l i t i e s  s u i t a b l e  fo r  ranging t o  lunar  d i s t a n c e s .  

It is  understood t h a t  each of t he  above f a c i l i t i e s  w i l l  be 

equipped wi th  t h e  JPL Range and Range Rate System. 

D .  The Proposed Apollo Network 

The Apollo Network w i l l  be developed f.rom t h e  e x i s t i n g  

and planned JPL and Goddard F a c i l i t i e s  j u s t  mdntioned. Elements from 

t h e  Goddard Manned Space F l i g h t  and S a t e l l i t e  Ins t rumenta t ion  Networks 

w i l l  be used t o  cover t h e  parking o r b i t ,  i n j e c t i o n ,  Ear th  approach and 

r e - e n t r y  phases. These elements w i l l  inc lude  both land and s h i p  s t a t i o n s ,  

probable  as fol lows : 
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- S i t e  Tracking System 

Bermuda 

Johannesburg , South Afr ica  
Carnarvon, A u s t r a l i a  

Kauai, H a w a i i  

Guaymas, Mexico 

Cape Canaveral 

A t l a n t i c  Ocean Ship 
(58' W ,  2 7 O  N) 

Ind ian  Ocean Ship 
(65' E ,  25' S) 

P a c i f i c  Ocean Ship 
(135OW, 25' N) 

Radar ( ea r ly  missions)  
R and K ( f i n a l  idissions) 
R and B ( e a r l y  missions)  
Radar ( e a r l y  missions)  
R and k ( e a r l y  missions)  
Radar ( ea r ly  missions)  
R and R ( f i n a l  missions)  
Radar ( ea r ly  missions)  
R and R ( f i n a l  missions)  
Radar ( ea r ly  missions)  
R and ( f i n a l  missions)  
Radar ( ea r ly  missions)  
R and R ( f i n a l  missions)  
Radar ( e a r l y  missions)  
R and R ( f i n a l  missions)  
Radar ( e a r l y  missions)  
R and R ( f i n a l  missions)  

The fol lowing JPL and Goddard f a c i l i t i e s  w i l l  be a v a i l a b l e  

on a schedulable  b a s i s  t o  cover the  lunar  t r a n s f e r ,  lunar  o r b i t a l  and 

Ea r th  r e t u r n  phases of t h e  Apollo mission: 

S i t e  - 
Goldstone, C a l i f o r n i a  
Johannesburg, South Afr ica  
Southern Europe 
E a s t  e r n  Aus tr a1 i a  
Rosman, North Carol ina 
Johannesburg , South Afr ica  
E as t e r n  Au s t r a 1 i a 
Fai rbanks ,  Alaska 
Quito,  Ecuador 
Antofagasta  o r  Sant iago,  Chi le  

Antenna 

JPL 85 and 210 foot  
JPL 85 foo t  
JPL 85 and 210 foot  
JPL 85 and 210 foot  
GSFC 85 foo t  
GSFC 40 foo t  
GSFC 85 foo t  
GSFC 85 foo t  
GSFC 40 f o o t  
GSFC 40 foo t  
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The Yange and range r a t e  s t a t i o n s  a t  Johannesburg, Carnarvon 

and H a w a i i ,  l i s t e d  on page 14, i n  support of t h e  parking o r b i t ,  

i n j e c t i o n ,  near Ea r th ,  and r e -en t ry  phases u t i l i z i n g  14 foo t  antennas,  

w i l l  a l s o  provide a tracking-only c a p a b i l i t y  out t o  lunar  d i s t a n c e s .  

It i s  assumed t h a t  t h e  mobile JPL s t a t i o n s  w i l l  a l s o  have t h i s  c a p a b i l i t y .  

The suggested layout of s t a t i o n s  w i l l  provide t e n  l a r g e  

antenna f a c i l i t i e s ,  a l l  of which should have range and range r a t e  

c a p a b i l i t y  a t  t h e  Apollo f requencies ,  and a l l  of which would be capable 

of f u l l  t r a c k i n g  and communications coverage f o r  Apollo t o  lunar  d i s t a n c e s  

inc lud ing  lunar  o r b i t s .  (See r e fe rence  5,  p A l )  

The a d d i t i o n  of t h e  t h r e e  mobil 14 f o o t  antenna range and 

range ra te  s t a t i o n s  provide a t o t a l  of t h i r t e e n  s t a t i o n s  f o r  t r ack ing .  

It i s  considered t h a t  from t h i s  number and d i spe r s ion  of s t a t i o n s ,  

any cond i t ions  of program scheduling and ope ra t iona l  emergency would 

s t i l l  provide complete t r ack ing  and communications coverage during t h e  

e n t i r e  Apollo mission.  

A t  t h e  t i m e  of t h e  Apollo mission,  many of t h e  Goddard s t a t i o n s  

s e l e c t e d  f o r  t h e  i n t e g r a t e d  network w i l l  have been equipped wi th  range 

and range rate systems i n  support  of t h e  b a s i c  s c i e n t i f i c  and 

a p p l i c a t i o n  s a t e l l i t e  programs. These s t a t i o n s  w i l l  r e q u i r e  augmentation 

t o  permit t h e i r  u s e  a t  t h e  Apollo frequencies*. (No programs o the r  than 

*The communications bandwidth being considered f o r  t h e  f i n a l  Apollo 
mission i s  1.34  Mc f o r  t h e  t e l e v i s i o n  PCM and 150 kc f o r  t e l eme t ry  
PCM (see Appendix A ) .  
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Apollo w i l l  u t i l i z e  these  f requencies . )  The Rosman, Fairbanks,  Eas te rn  

A u s t r a l i a ,  Carnarvon, Johannesburg, Quito, Chi le ,  Mojave s t a t i o n s  and 

t h e  t h r e e  sh ips  w i l l  be so augmented. 

Several  s t a t i o n s  w i l l  be equipped wi th  Range and Range Rate 

Systems s o l e l y  f o r  Apollo: Bermuda, H a w a i i ,  Guaymas and Cape Canaveral. 

The JPL s t a t i o n s  presumably w i l l  a l s o  r e q u i r e  augmentation t o  

opera te  a t  the  Apollo f requencies .  

E. Proposed Negwark Operation 

Launch phase t r ack ing  w i l l  be accomplished us ing  r ada r  

beacons on t h e  booster  rocke t  with normal t r a c k i n g  procedures.  

Cont r ibu t ing  s t a t i o n s  f o r  t h i s  phase a r e  shown on Fig .  4 .  

Parking o r b i t  t r ack ing  w i l l  u t i l i z e  the  s t a t i o n s  l i s t e d  on 

page 14 and shown on F ig .  5a t h r u  5d. These s t a t i o n s  w i l l  u t i l i z e  

r a d a r  t r a c k i n g  dur ing  the  e a r l y  Apollo mission f l i g h t s ,  s h i f t i n g  over 

t o  range and range rate t r ack ing  for t he  f i n a l  Apollo mission.  These 

s t a t i o n s  w i l l  a l s o  be used t o  cover t h e  i n j e c t i o n  phase i n t o  t h e  t r a n s f e r  

o r b i t ,  depending on t h e i r  l oca t ion .  A s  discussed i n  r e fe rence  5 ,  page 8, 

t h i s  d i s p o s i t i o n  of s t a t i o n s  provides from 20 t o  30% p r o b a b i l i t y  of 

coverage f o r  t h i s  maneuver. 

Transfer  o r b i t  t r ack ing  w i l l  i n i t i a l l y  be accomplished by t h e  

same s t a t i o n s  used t o  cover the  parking o r b i t .  A t  approximately 1 2  

minutes  a f t e r  t h e  s tar t  of i n j e c t i o n  these  s t a t i o n s  provide 80% 

* 
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p r o b a b i l i t y  of coverage as shown on F i g .  5d ( l a r g e  c i r c l e s )  6,  and 7. 

After  t h e  spacec ra f t  reaches an a l t i t u d e  of  10,000 km (approximately 45 

minutes a f t e r  i n j e c t i o n )  primary r e l i a n c e  w i l l  be put on t h e  l a r g e  antenna 

s t a t i o n s  of JPL and Goddard as l i s t e d  on page 14. The coverage f o r  t h e s e  

s t a t i o n s  i s  shown on F i g .  6*. These s t a t i o n s  w i l l  a l s o  be used t o  t r a c k  

t h e  lunar  o r b i t i n g  and Earth r e t u r n  phases.  They w i l l  be appl ied on a 

scheduled b a s i s  depending on t h e i r  o p e r a t i o n a l  r ead iness ,  o the r  program 

requirements and geographic loca t ion .  E i t h e r  JPL o r  Goddard s t a t i o n s  

w i l l  be scheduled interchangeably.  

Re-entry t r a c k i n g  w i l l  u t i l i z e  those s t a t i o n s  of t h e  group 

used t o  t r a c k  t h e  parking o r b i t  s i t u a t e d  along t h e  approach path.  

For a landing i n  t h e  United S t a t e s ,  t h e s e  s t a t i o n s  would include 

A u s t r a l i a ,  H a w a i i ,  P a c i f i c  Ocean Ship and Guaymas, assuming approximately 

32 approach plane i n c l i n a t i o n .  0 

F i n a l  r e - e n t r y  landing phase t r a c k i n g  w i l l  u t i l i z e  simple 

mobile range and range r a t e / i n t e r f e r o m e t e r  s t a t i o n s  u t i l i z i n g  t h e  onboard 

transponder as shown i n  r e fe rence  5, F i g .  9 and 10. Studies  on t h e  

blackout problem and t h e  prevention are underway; (See r e fe rence  7 and 8) 

*Please no te  t h a t  t h e  v i s i b i l i t y  f o r  t h e  DSIF s t a t i o n  w i t h i n  
t h e  "lunar band" i n d i c a t e d  i s  roughly t h e  same as shown i n  t h i s  f i g u r e .  
The curves of Rosman have t o  be s h i f t e d  eastward t o  Goldstone, t h e  
curves of Carnarvon have t o  be s h i f t e d  t o  Woomera. 
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This  network w i l l  provide t h e  Manned Spacecraf t  Center wi th  

a l l  t r a c k i n g  te lemet ry  and communications necessary t o  f u l l y  support  

t h e  Apollo mission.  

cont inuously from t h e  onboard guidance system (v ia  t h e  PCM te lemet ry)  

and from both t h e  JPL computed t r a j e c t o r y  and t h e  Goddard computed 

t r a j e c t o r y .  

d i r e c t l y  t o  Manned Spacecraf t  Center v i a  t h e  network communications system. 

Spacecraf t  pos i t i on  and v e l o c i t y  w i l l  be provided 

Telemetry and voice communications w i l l  be provided 

CONCLUSION 

A s  shown i n  t h i s  r a t h e r  sho r t  r e p o r t ,  t he  " In tegra ted  NASA 

Apollo Comminications and Tracking Network" w i l l  u t i l i z e  a combination 

of a l l  app l i cab le  NASA f a c i l i t i e s  t o  support  t h e  complete Apollo Lunar 

Mission, inc luding  rendezvous. Ex i s t ing  o r  planned f a c i l i t i e s  a r e  used 

whenever poss ib l e  t o  provide a network which w i l l  f u l f i l l  a l l  of t h e  

Apollo requirements  wi th  a maximum use of NASA resources  and a minimum 

investment i n  new equipments and f a c i l i t i e s .  

F a l l  operat ior tar  Capab iE ty  of t;he major elements of €he proppsed 

networld Vi11 be &hle  t a  be f e s t e d  u t t l i z fng-pr&ent+y scheduled f l i g h t  

programs. 

Network w i l l  be  checked and evaluated by t h e  l a t e  Mercury and Gemini 

programs. 

For example, all e-Pements of t he  Manned Space F l igh t  Support 

The JPL elements w i l l  be eva lua ted  us ing  p resen t ly  scheduled 
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lunar  and p lane tary  probes. The Goddard f a c i l i t i e s  w i l l  be p a r t i c u l a r l y  

sub jec t  t o  d e t a i l e d  t e s t i n g ,  eva lua t ion  and modi f ica t ion  i f  i nd ica t ed  

by means of t h e  s e v e r a l  h ighly  e c c e n t r i c  s a t e l l i t e  programs now scheduled 

which w i l l  u t i l i z e  t h e  Range and Range Rate System and t h e  l a rge  

antenna f a c i l i t i e s  f o r  !hs tance , the  In t e rp l ane ta ry  Monitoring Probe, 

(S-74 IMP), and t h e  Eccent r ic  Orbi t ing  Geophysical Observatory 

(S-49 EOGO). The r e p e t i t i v e  na tu re  of t hese  e c c e n t r i c  s a t e l l i t e s  w i l l  

be p a r t i c u l a r l y  va luable  t o  check a c t u a l  systems performance and o r b i t a l  

computation programs on an o r b i t  t o  o r b i t  b a s i s .  

It i s  considered t h a t  t he  proposed coopera t ive  opera t ion  us ing  

both JPL and Goddard f a c i l i t i e s  i s  a mandatory requirement f o r  adequate 

coverage of t h e  Apollo mission.  
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